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Michael D. Ryan,* Jiyi Yau, and Michael Hack 
Department of Chemistry, Marquette University, Milwaukee, Wisconsin 53201, USA 
ABSTRACT 
The electrochemical oxidation of alkyl and aryl selenides was investigated in acetonitrile. The oxidation of diphenyl 
selenide and di(4-methylphenyl) selenide led primarily to the formation of their respective selenoxides, which were iden-
tified by exhaustive coulometric oxidation and 1H and 13C analysis of the products. The selenoxide itself was not observed 
in the cyclic voltammetry of the selenide for two reasons: first, the protonation of the selenoxide by the acid formed from 
the reaction of water with the cation radical and second, the formation of a selenoxide hydrate. The formation of the 
hydrate with diphenyl selenoxide was verified by isolation of the dimethoxy derivative. In addition to the selenoxide, 
selenonium compounds, formed by the coupling of the oxidized material, were also observed. The alkyl selenides were 
generally oxidized at a lower potential than the aryl selenides. This trend is different from the sulfur analogues, where 
the aryl sulfides are easier to oxidize than their alkyl counterparts. As a result, the difference in their redox potentials is 
relatively small. These differences may occur because the oxidation of aryl sulfides is more likely to take place on the aro-
matic ring, which leads to a greater yield of the coupled products (about 100%) when compared to the selenide analogue. 
Introduction 
The electrochemical oxidation of sulfur and selenium 
compounds generally leads to organic radicals which are 
often quite reactive and can initiate a wide variety of 
chemical reactions. Some of the possible pathways for the 
decay of these radicals are summarized in Fig. 1. Pathway 
1 (formation of the dimeric dication) has been observed in 
the oxidation of dialkyl sulfides.1 In the presence of water, 
the dimer formed from dimethyl sulfide will decompose to 
form methanesulfonic acid and carbon monoxide. 2 Sterle 
hindrance at the sulfur atom will inhibit the dimerization 
reaction, allowing other processes such as deprotonation 
to dominate.1 In cyclic dithia and diselena compounds, the 
coupling is intramolecular and the product is quite sta-
ble.3-6 For example, dithiacyclooctane undergoes a 
reversible two-electron oxidation to the dication, with a 
transannular S-S bond.3·4 Similar voltammetry was 
• Electrochemical Society Active Member. 
observed for diselenacyclooctane.5 Fujihara et alY also 
examined acyclic selenides using cyclic voltammetry. 
The oxidation of aryl chalcogenides generally leads to 
coupling via a C-E bond (where E represents S or Se) 
(pathway 2, Fig. 1). The sulfonium dimer was observed 
with yields between 57 and 71% for a variety of alkyl aryl 
and diaryl sulfides."-10 The selenonium salt was also postu-
lated to be formed as a minor product in the oxidation of 
diphenyl selenide. 11 The electrochemical oxidation of 
diphenyl ether leads to extensive polymerization, proba-
bly via oxonium ions12 If the oxidation is carried out in 
the presence of benzene, the triphenyloxonium salt is 
formed12 Pathway 3 is the dominant reaction if the solvent 
and electrolyte are not rigorously dried. In the presence of 
water, dialkyl sulfides, methyl phenyl sulfide, and benzyl 
phenyl sulfide are oxidized by a two-electron reaction to 
sulfoxides.1·13 Diphenyl selenide is oxidized to diphenyl 
selenoxide in high yield if water is present. 11 Oxidation of 
benzyl phenyl selenide under the same conditions also 
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Fig. 1. Fate of the R2e+• radical cation formed by the oxidation of 
R2E. E = S or Se atom. R = alkyl or aryl group. 
leads initially to the selenoxide, which rapidly rearranges 
to a selenenic ester.14 Cleavage of this ester forms ben-
zaldehyde and, ultimately, diphenyl diselenide. 14 High 
yields of diaryl diselenides were also observed for alkyl 
aryl selenides, where the alkyl group was varied from 
ethyl to hexyl. 15 
Experimental 
Chemicals.-Spectrograde acetonitrile and 2,6-di-t-
butylpyridine (Aldrich Chemical Co.) were used without 
further purification. Anhydrous sodium perchlorate was 
obtained from G.F. Smith Chemical Co. and used as 
obtained. 1,1'-Selenobisbenzene (diphenyl selenide, 
Ph2Se) was obtained from Alfa Chemical Co. 1,1'-
Selenobis( 4-methylbenzene) [ di( 4-methylphenyl) selenide, 
Tol2Se] was synthesized by a literature procedure.16 1,1'-
Seleninylbisbenzene (diphenyl selenoxide, Ph2Se0) and 
1,1 '-seleninylbis(4-methylbenzene) [di( 4-methylphenyl) 
selenoxide, Tol2Se0] were synthesized by N-chlorosuccin-
imide oxidation. 17 Dimethoxydiphenyl selenium was made 
by the method of Paetzold and Lindner. 18 Selenane and 
1,4-diselenane were synthesized by literature procedures. 19 
Equipment.-Proton nuclear magnetic resonance (NMR) 
spectra were obtained on a Varian A-60A instrument. The 
13C NMR spectra were recorded on a JEOL/JNM-FX60Q 
FT-NMR. Deuterated chloroform was used for all the NMR 
spectra. An EG&G Princeton Applied Research Corp. 
Model 174A potentiostat was used for the cyclic voltam-
metric data. The reference electrode was a saturated 
calomel electrode (SCE), the auxiliary electrode was plat-
inum, as was the working electrode (area 0.44 cm2). The 
reference electrode was separated from the sample solu-
tion by a salt bridge. A homemade potentiostat with an 
EG&G Model 379 digital coulometer was used for the 
coulometric experiments. A carbon electrode was used for 
the coulometric working electrode. 
Procedures.-All solutions were deaerated with dinitro-
gen prior to obtaining the cyclic voltammograms. Digisim 
2.0 (Bioanalytical Systems, W. Lafayette, IN) was used to 
simulate the oxidation of diphenyl selenide via pathways 
2 and 3 in Fig. 1. The elementary steps of the simulation 
are distinguished as electron transfer reaction [E No.] 
chemical reaction [R No.] 
Ph2Se .,. Ph2Se+ + e- [Ell 
Ph2Se+ + Ph2Se--> Ph-Se-Ph-Se(Ph); + H+ [Rl] 
Ph-Se-Ph-Se(Phh' .,. Ph-Se-Ph-+se(Phh + e- [E2] 
Ph2Se+ + H 20--> Ph2Se(OH)· + H+ [R2] 
Ph2Se(OH)· .,. Ph2Se(OHt + e- [E3] 
Ph2Se(OHt + H 20 --> Ph2Se(OH)2 + H+ [R3] 
Reaction E2 leads to the product of pathway 2, while R3 
leads to the hydrate of the selenoxide, postulated in path-
way 3 (see text below for the rationale for this product). 
The product of reaction E2 could be oxidized in a second 
wave, E4, and this was also included in the simulation 
Ph-Se-Ph-+se(Ph)2 + H20 
--> Ph-SeO-Ph-Se+ -Ph2 + 2e- + 2H+ [E4] 
The standard redox potentials of reactions El-E4 (E~ 
through E;, respectively) and the standard heterogeneous 
electron transfer rates of those reactions (k,1 through k,., 
respectively) were chosen so that the waves were irre-
versible in shape, and the peak occurred at the same 
potentials that were observed in the experimental data. 
The values of the homogeneous rate constants (for reac-
tions Rl through R3, kn through kt3 , respectively) were 
chosen so that the shape of the wave depended only upon 
the ratio of the rate constants and not on their specific val-
ues [the reaction was always in the "pure kinetic" (KP) 
zone]. The electron transfer coefficients, a, for each elec-
tron transfer were then varied in order to obtain the best 
fit to the experimental data. 
Where noted, the current due to the second peak was 
corrected for the current decay of the first peak ("Cottrell 
decay"). The current decay was calculated using the pro-
cedure of Polcyn and Shain20 
. a 
~~ = ~E- Ez 
where a and Ez are constants determined from the best fit 
of the current between 50 and 150 mV past the peak, and 
i1 is the extrapolated current at a potential, E. 
Controlled potential electrolysis was carried out in ace-
tonitrile with 0.10 M NaCl04 • After electrolysis, the sol-
vent was removed under reduced pressure. The oxidation 
product was separated from the electrolyte by addition of 
chloroform and water. The chloroform phase was separat-
ed, dried with magnesium sulfate, and the coulometry 
product was obtained by removal of the solvent under 
reduced pressure. The isolated product was then dissolved 
in chloroform-d1 for 1H and 13C NMR analysis. 
Results and Discussion 
Electrochemistry of aryl selenides and selenoxides.-The 
cyclic voltammetry of Ph2Se in acetonitrile has been previ-
ously reported. 11 Three peaks were observed in the oxida-
tion process. The first peak occurred at + 1.41 V vs. SCE at 
100 mV/s [Fig. 2 (solid line)]. The second and third peaks, 
which were considerably smaller, occurred at + 1.62 and 
+ 1.81 V, respectively. The overall reaction for the first 
peak could be written as 
o-~ + H20 - o-8;.0 + H+ + 2e 
Scheme 1. 
The second and third peaks were reported to be due to the 
formation of dimeric species via the following mechanism 
Os~-o - os:=C:y.H 
Os.--0 
Scheme 2. 
The only product that was unambiguously identified in 
the proton NMR was the selenoxide product, Ph2Se0. 
These same results were confirmed in our laboratory. The 
proton NMR spectrum of the electrolyzed product was 
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Table I. 13C NMR spectra of seleno-, seleninyl-, ond selenonylbisbenzenes. 
Compound C' l c,,. 
1,1 '-Selenobisbenzene (Ph2Se) 131.0 132.8 
1,1 '-Seleninylbisbenzene (Tol2Se) 142.7 126.1 
143.3 126.6 
Coulometrically oxidized Ph,Se 126.7 
1, 1 '-Selenonylbis benzene 142.4 126.8 
1,1' -Seleninylbis(4-methylbenzene) 139.6 125.9 
Coulometrically oxidized Tol2Se 126.2 
cpc, 
• Carbon positions: cl 'c-s. 4,~ 'I I 
c,-c; 
consistent with material prepared by chemical synthesis 
(resonances at 7.40 and 7.65 ppm). 21 The 13C NMR spec-
trum also confirmed the formation of the selenoxide 
(Table I), and was significantly different from the starting 
material and the more oxidized selenone product 
(Ph2Se02, 1,1 '-selenonylbisbenzene). 
The two different products (coupling vs. selenoxide) are 
formed due to the two different fates of the initial radical 
species. Because the intensity of the second peak, as meas-
ured from the Cottrell decay of the first peak (as described 
in the Experimental section), did not depend upon the 
concentration of the starting material, the rate-limiting 
step for the coupling reaction must be a first-order process 
such as the loss of a proton, after the attack of the selenide 
to form the selenonium species (k1). If addition of water 
occurs first (k2), the selenoxide is formed 
O +___;='vH k2 Se"=/· ~ 01·D oH2 
+ l EJ 
o-~-o + m+ + e 
There was no decrease in the current functions for the sec-
ond peak up to 500 mV /s, indicating that the reaction rate 
{k1) must be greater than 200 s- 1•23 Digital simulation for 
the anodic scan using this mechanism is shown in Fig. 2 
(dotted line) for a k 1/k 2 ratio of 0.30. Addition of water 
caused only minor changes in the voltammograms. In the 
presence of 125 mM water, the third peak disappeared, and 
there was a small (about 20%) decrease in the ratio of the 
second peak current, iP12 , to the first (iP12 was measured 
500 
0 
< 
:::1, 
5 -500 
.... 
.... 
::l 
u 
-1000 
-!500 2.50 2.00 1.50 
E, VvsSCE 
Fig. 2. Cyclic voltammetry of 4.0 mM 1,1 '-selenobisbenzene in 
acetonitrile at a platinum electrode, 0.10 M sodium perchlorate, 
scan rate 100 mV/s. (-)experimental data ond ( .... ,digital simu-
lation of Schemes 1 and 2, Where k1/k2 = 0.30. Simulation para-
meters: El = + 1.42 v, IX] = 0.35, lc.,l = 1 o-4 em/ s; E2 = + 1.00 v, 
~ = 0.50, ~2 = 10-4 cm/s; ~ = +0.80, a3 = 0.50, lc,3 = 10-4 cm/s, k1 = 300 s-, and k2 = 1000 s-1• 
c,,, c, 
129.2 127.2 
129.6 131.2 
130.1 131.6 
130.2 131.8 
130.2 134.0 
130.0 141.5 
130.0 141.3 
Methyl 
21.3 
21.3 
Reference 
22 
22 
This work 
This work 
22 
This work 
This work 
from the Cottrell decay of the first wave). One can ratio-
nalize the small changes in the second peak if one assumes 
that the loss of H+ in the third line of Scheme 2 requires 
the presence of a good base such as water. As a result, both 
the dimerization and water reaction (k 1 and k2) are depen-
dent upon the concentration of water. 
Only one irreversible oxidation peak at + 1.29 V was 
observed for the 4-methyl analogue of Ph2 Se (Tol2Se) 
because the 4-position was blocked. The peak was found 
to be a diffusion-controlled two-electron peak, as was the 
first peak of Ph2Se . The product of the oxidation was ver-
ified to be Tol2Se0, by 1H NMR [8 = 2.35 (s, 6H), 7.25 (d, 
4H, J = 8Hz), 7.55 (d, 4H, J = 8Hz], compared with the 
literature values of 8 = 2.39, 7.27, 7 .5721 ) and 13C NMR 
(Table I). 
Because selenoxides are the product of the oxidation 
reaction, the electrochemical oxidation of Ph2Se0 and 
Tol2Se0 was also investigated. A single oxidation peak at 
+1.99 V (Table II) was observed for Ph2Se0. The peak cur-
rent function for Ph2Se0 was less than half of Ph2Se, and 
the peak was considerably broader. The lower current 
function for Ph2Se0 was consistent with the results previ-
ously obtained for the sulfoxide analogue, 1,1'-sulfinyl-
bisbenzene, which was oxidized by an overall one-elec-
tron process.'4 Similar behavior was observed for 
Tol2Se0 (Fig. 3, solid line). 
A close examination of the cyclic voltammograms of 
Ph2Se showed that neither the second nor the third peak 
corresponded to Ph2Se0, even though it was the primary 
product of the reaction. Similarly, no peak due to the 
selenoxide was detected in the voltammetry of Tol2Se. One 
possible reason for the absence of the peak may be that the 
conjugate acid of Ph2Se0, the product formed in the pres-
ence of acid, may be electroinactive. In order to investigate 
this possibility, the voltammetry of Tol2Se0 in the presence 
of strong acids was investigated. As can be seen in Fig. 3, 
the peak for the selenoxide decreased substantially in the 
presence of perchloric acid. With an excess of perchloric 
acid, no peak was observed for the selenoxide due to the 
protonation of the substrate. The following scheme can 
then be written for the voltammetry of Tol2Se0 in the 
presence of strong acids 
H3C-o-~-<r3 + W ~ H3C-o-~~ 
Oxidizable Not oxidizable 
Similar behavior was also observed for Ph2Se0. The pro-
tonation was reversible and the peak for the selenoxide 
reappeared with the addition of a nonnucleophilic base, 
2,6-di-t-butyl pyridine (Fig. 4). Therefore, if the solution 
were basic to neutral, the selenoxide peak should be 
observed. 
This behavior is in sharp contrast to the behavior of the 
corresponding sulfoxide. Addition of strong acids to 
diphenyl sulfoxide has no effect on its oxidation peak, and 
there was no evidence for the protonation of this species?4 
These results are consistent with the measured aqueous 
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Table 11. Cyclic voltammetry of alkyl and aryl selenides and selenoxides. 
Compound 
Sulfur analogue Selenium compound Epa (V vs. SCE) 
1,1' -Dithiobisethane 
Tetrahydrothiopyran 
1 ,4-Dithiane 
+1.80 v 
+1.72V 
+1.76 v 
1,1 '-Selenobisethane 
Selenane 
+ 1.14 v 25.0 
+ 1.24 v 23.0 
+1.33 V, +1.31 V' 26.3 
+1.71 v 44.7 
1 ,4-Diselenane 
Second peak +2.21 V 
1,1'-Thiobisbenzene +1.56 v• 1,1' -Selenobisbenzene +1.41 V, +1.42 V', +1.31 yct 27.6 
+ 1.62 V, + 1.51 yct 
+1.81 V, +1.71 yct 
Second peak + 1.81 V 
Third peak + 2 .11 V 
1,1'-Thiobis(4-methylbenzene) + 1.48 v• 
1,1'-Sulfinylbisbenzene +2.27 ~ 
1,1'-Selenobis (4-methylbenzene) 
1,1 '-Seleninylbisbenzene 
1,1 '-Seleninylbis( 4-methy lbenzene) 
+ 1.28 v 26.9 
+1.99V 7.1 
+1.96V 7.1 
•v vs. scE2 Ref. 2. bJJoA/(V/s) 11 (mM). 
'Ref. 5. 
ctRef. 24. 
•Ref. 25. 
'Ref. 24. 
pKa values of sulfoxides and selenoxides. The selenoxide, 
Ph2Se0 is a significantly stronger base (pK. 0.35) than the corresp~nding sulfoxide (pK. -3.19), 26•27 leading to the dif-
ferent voltammetric behavior in the presence of strong 
acids. 
The oxidation of Ph,Se was repeated in the presence of 
various concentrations of 2,6-di-t-butyl pyridine. No new 
peaks were observed in the voltammograms, even with a 
twofold excess of base (Fig. 5). The first and second peaks 
were unaffected by the presence of the base, but the third 
peak disappeared at high concentrations. This latter effect 
was not investigated. The results for the oxidation of 
Tol2Se in the presence of 2,6-di-t-butyl pyridine was iden-
tical to Ph2Se if the ratio of the basejselenide was less than 
unity. When this ratio is greater than 1, a peak due to 
Tol2Se0 could be clearly observed (Fig. 6, dashed line). The 
dotted line in Fig. 6 was obtained by adding the voltam-
mogram for 2 mM Tol2Se0 to the original voltammogram 
of Tol2Se. The current due to the selenoxide corresponded 
closely to what one would expect for the complete conver-
sion of the selenide to the selenoxide. 
While the ultimate product in both cases was the 
selenoxide, it appears that, at least for Ph2Se, an elec-
troinactive intermediate is formed. Such an intermediate, 
the hydrate of the selenoxide, has been postulated by 
Sharpless et al.'" to explain their kinetic data on the reac-
tion of peroxide oxidized selenides with olefins. The 
hydrate of organotellurium(IV) and organoselenium(IV) 
has also been shown to have important kinetic implica-
tions with regard to photodynamic and other oxidative 
100.------------------
~ -100 
~" 
u -200 
-300 
-400 l_....L_ __ t__ __ ....L_ __ t__ __ --..l...__j 
2.50 2.00 1.50 1.00 0.50 
E, V vs SCE 
Fig. 3. Cyclic voltammetry of 4.0 mM 1,1 '-seleninylbis(4-methyl-
benzene) in acetanitrile at a platinum electrode, 0. 1 0 M sodium per-
cholorate, scan rate 100 mV/s: (-) 0, ( .... ) 2, and(---) 4 mM per-
chloric acid. 
chemotherapy.'" Therefore, based on the voltammetric and 
coulometric data, the following oxidation mechanism can 
be proposed 
Q-s.-Q + 2~0 - Q-£-Q + 2H+ + 2·· 
The hydrate is very unstable and is known to decompose 
in the presence of drying agents such as magnesium sul-
fate 28 which was used in the isolation of the coulometric 
product in both our work (see Experimental section) and 
in previous work. 11 In order to identify the presence of the 
hydrate, the intermediate must be trapped immediately 
after electrolysis. The electrolysis of Ph,Se was repeated, 
and after the current had decayed to the background, a 
twofold excess of trimethyl oxonium tetrafluoroborate 
was added to the solution in order to form the more stable 
dimethoxydiphenyl selenium 
Ph-Se(OH),-Ph + 2(CH3hO+BF;j 
--. Ph-Se(OCH3)2-Ph + 2HBF4 + 2CH30CH3 
The solvent was removed again under reduced pressure, 
and organic material was dissolved in chloroform-d1 in 
order to isolate the expected product, dimethoxydiphenyl 
100.---------------------, 
< 
::I. f -100 
u 
-200 
"
300 2.50 2.00 1.50 1.00 0.50 
E, VvsSCE 
Fig. 4. Cyclic voltammetry of 4.0 mM 1, 1 '-seleninylbis(4-methyl-
benzene) in acetanitrite at a platinum electrode after addition of 
4.0 mM perchloric acid and 4.0 mM 2,6-di-t-butylpyridine. Scan 
rate 100 mV / s, 0.10 M sodium perchlorate. 
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E, V vsSCE 
Fig. 5. Cyclic voltammetry of 4.0 mM 1,1 '-selenobis(benzenel in 
acetonitrile at a platinum electrode, scan rate 100 mY Is, 0.10 M 
sodium perchlorate: (-1 0 mM 2,6-di-t-butyl pyridine and (····I 
8.0 mM 2,6-di-t-butyl pyridine. 
selenium. The methoxy peak was observed in both the 1H 
and 13C NMR (8 = 3.5 and +59.0 ppm, respectively), which 
corresponded closely to the literature values for that reso-
nance in the 1H NMR spectrum30 and the expected 13C 
NMR resonance. 
Cyclic voltammetry of alkyl selenides.-For comparison 
purposes, the cyclic voltammetry of several alkyl selenides 
was obtained. The results are summarized in Table II. The 
peak current functions (ip/v 112C, where v is the scan rate 
and C the bulk concentration of the selenide) for the alkyl 
selenides were nearly the same as the aryl selenides, indi-
cating that the oxidation still took place via a two-elec-
tron process, probably leading to the selenoxide. The alkyl 
selenides were generally oxidized at lower potentials than 
their sulfide analogues. For example, the oxidation poten-
tial of 1,1 '-thiobis(ethane) was 660 m V higher than the one 
of the selenium analogue, 1,1' -selenobis(ethane). For the di-
substituted rings, each peak potential was about 500 mV 
lower in the selenide than the sulfide compound. For the 
aryl compounds, though, there was a much smaller poten-
tial difference between the aryl sulfides and selenides 
[150 mV decrease in going from 1,1'-thiobis(benzene) to 
1,1'-selenobis(benzene)]. These differences may explain 
some of the electrochemical differences between the aryl 
0 
-200 
<( 
:::t. 
i 
-400 
"' ~ . ' ' 
' u ."/ 
. , 
' 
-600 
-
800 2.50 2.00 1.50 1.00 0.50 
E, V vs SCE 
Fig. 6. Cyclic voltammetry of 4.0 mM 1,1 1 -selenobis(4-methyl-
benzene) in acetonitrile at a platinum electrode, scan rate: 100 
mY Is, 0.1 0 M sodium perchlorate. (-) Experimental cyclic voltam-
mogam in the absense of 2,6-di-t-butyl pyridine. (- - -1 
Experimental cyclic voltammogram in the presence of 6.0 mM 2,6-
di-t-butyl pyridine.(····) Synthetic cyclic voltammogram obtained by 
adding the voltammogram for 4.0 mM 1 , 1 1 -selenobis(4-methylben-
zene) to the voltammogram of 2.0 mM 1,1 1 -seleninylbis(4-methyl-
benzenel. 
sulfides and selenides. The oxidation of 1,1 1 -thiobis(ben-
zene) is thought to take place at the aromatic ring, leading 
to the rapid loss of H+, and the formation of the sulfonium 
product. In contrast, in the selenium analogue, the oxida-
tion is mostly on the selenium atom, leading to the rapid 
reaction with water and the primary formation of the 
selenoxide. Thus, in the former case, we are observing 
mostly the oxidation of the aromatic ring, the potential of 
which has been lowered by the inductive and resonance 
effects of a neighboring sulfur. In the latter case, the oxi-
dation takes place at the selenium atom, as indicated by 
the predominant formation of the selenoxide. If the ring 
were not oxidized in the sulfur analogues, the sulfur itself 
would have been oxidized at a much higher potential. 
These differences lead to a reversal in trends between the 
aryl and alkyl sulfides and selenides. In the former case, 
the aryl sulfides ( + 1. 56 V) are easier to oxidize than the 
alkyl sulfides ( + 1. 72 to + 1.80 V), while in the latter case, 
the aryl selenides ( + 1.41 V) are harder to oxidize than the 
alkyl selenides (+1.14 to +1.33 V). 
Conclusions 
The isolated product of the oxidation of diaryl selenides 
leads primarily to diaryl selenoxides. The diaryl selenox-
ides, which can be further oxidized, were not observed in 
the cyclic voltammetry due to two processes. The first is 
that the acid generated by the formation of the selenoxide 
protonated this species, making the oxidation very diffi-
cult. For the 4-methyl derivative, the addition of a non-
nucleophilic base led to the appearance of the selenoxide 
peak. Under the same conditions, the selenoxide peak was 
not observed for diphenyl selenide. By trapping any 
hydroxyl product with trimethyl oxonium ion, the initial 
product, the hydrate of the selenoxide, was observed using 
1H and 13C NMR spectroscopy. The diaryl selenoxide, that 
was formed by the oxidation of the diaryl selenide, was 
considerably more basic than the corresponding sulfoxide. 
Protonation of the diaryl selenoxide occurred readily in 
the presence of a strong acid, and further oxidation of the 
conjugate acid was not observed. 
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